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The authors have collaborated in the development and initial evaluation of a curriculum for 
mathematics acceleration. This paper reports upon the difficulties encountered with 
documenting student understanding using pen-and-paper assessment tasks. This leads to a 
discussion of the impact of students’ language and literacy on mathematical performance and 
the consequences for motivation and engagement as a result of simplifying the language in the 
tests, and extending student work to algebraic representations. In turn, implications are drawn 
for revisions to assessment used within the project and the language and literacy focus included 
within student learning experiences. 
Keywords: acceleration, curriculum design, language, mathematics, motivation, engagement 
Introduction 
The ‘Accelerating the mathematics learning of low socio-economic status junior secondary students’ 
project, abbreviated to ‘XLR8’, aims to develop theory and practice to increase the life-chances of 
mathematically under-performing junior-secondary students (Cooper, Nutchey, & Grant, 2013). The XLR8 
project extends the practices developed by Cooper (Warren, 2008; Warren & Cooper, 2009) based upon a 
structural, cognitivist perspective, framed by such works as Sfard (1991), English and Halford (1995), and 
Hiebert and Carpenter (1992). Achievement of the XLR8 project’s aim is centred around the development of 
a two-year curriculum for Year 8 and Year 9 students (ages 12-14 years), which follows a structured 
sequence of ideas from foundational lower-primary concepts through to those more typically associated with 
Year 9 students. The goal here is that these students will be better prepared to enter later schooling with an 
appropriate level of mathematical understanding and ability to communicate their mathematical thinking. 
This curriculum is characterised as ‘vertical’, based on the notion that deep understanding and gestalt leaps 
(i.e., acceleration) of learning can occur when teaching is intentionally focused on structural connections in 
mathematics, from early models and representations of concepts to formal mathematical representations. 
The first year of the XLR8 curriculum has been developed and trialled in the Australian 2013 school year. 
The trialled version of the curriculum has a very strong vertical alignment, with a focus for the first year on 
number, operation, and algebra concepts. Researcher observations, interviews with the teachers delivering 
the curriculum, and analysis of student pre-post test data all suggest that, whilst the vertical curriculum has 
achieved some of its goals regarding acceleration, the narrow focus upon number and algebra-related 
concepts may be limiting the meaningful contextualisation and thus deeper understanding of the 
mathematical concepts. Also, observations of lessons (including lessons in which pre-post-tests were 
conducted) in each of the XLR8 classrooms suggest that students’ difficulties in articulating or 
demonstrating their understanding in written form are in part due to the literacy and language demands of 
mathematics. The specific mathematical meanings of terms used in mathematical instruction and written 
assessment, as well as the range of everyday vocabulary used to describe situations for which a mathematical 
solution may be sought, need to be as explicitly unpacked for underperforming students from low SES 
communities as for students with English as an additional language. For these reasons, XLR8 curriculum 
learning activities are to be reviewed with the view to more clearly identifying and articulating the key 
mathematical ideas and specific language development explored through the structured sequence. 
Throughout the first year of the XLR8 project, teachers have been encouraged to assist students to build a 
greater range of vocabulary for use in constructing and interpreting routine word problems which can be 
represented by mathematical equations. As a vocabulary building exercise, some teachers have implemented 
the building of key word lists or glossaries while others have implemented beginning and ending of lesson 
activities that prompt students to create their own worded problem using given numbers.  This paper 
discusses the various stepping stones and stumbling blocks attributed to language difficulties along the path 
to accelerating underperforming mathematics students from low SES communities in junior-secondary 
XLR8 classrooms. 
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Theoretical Background 
Mathematical understanding is described as the development of a learner’s mathematical ideas (or 
internal mental models) into connected schema (Warren & Cooper, 2009). Development of connected 
schema is via cognitive processes that determine the structural similarities and differences between mental 
models, which in turn lead to the construction of more abstract and organising mathematical ideas through 
the cognitive interplay between models (“ways of thinking about abstract concepts”) and representations 
(“the various forms of the models”) (Warren & Cooper, 2009, p. 78). Learning experiences within the XLR8 
project are structured around the RAMR cycle proposed by Matthews (2009) which focuses on the critical 
role that a mathematician’s own reality has upon their understanding and appropriation of mathematics tools 
(Cooper et al., 2013). Providing students with a starting point for their mathematical learning that is housed 
within their reality and local experiences provides students with connected and authentic contexts within 
which to develop their understanding of mathematical concepts, symbolic representations and language. 
Students’ experiences, learning and assessment of mathematical understanding are mediated through 
language (Falle, 2004; Meaney & Irwin, 2003). While learning and assessment tasks housed in real-world 
contexts are more meaningful for students, providing these contexts in written assessment tasks adds 
complexity to the language demands of the task (Miller, Perry, Howard, Farmer, Long, & Roffe, 1999), 
potentially to the point where low literacy levels mask students’ mathematical understanding (Greenlees, 
2011). Similarly, strategies such as focusing on keywords when reading test questions can contribute to 
superficial reading of test questions (Lowrie & Diezmann, 2007), as can test questions that lack appropriate 
challenge (Martin, Anderson, Bobis, Way, & Vellar, 2012).  
As middle school experiences represent critical points in the development of students’ behaviours, 
emotions and attitudes toward mathematics (Martin et al., 2012), failure due to language demands of tasks, 
or learning experiences that do not engage or motivate students can contribute to negative attitudes and 
emotional reactions that persist into adult life (Martin et al., 2012). Learning experiences for students that 
adequately prepare students to demonstrate their mathematical understandings thus need to: (a) build 
understanding of mathematical conventions and definitions, (b) develop vocabulary that may be used in 
scenario descriptions of real-world contexts within which mathematical questions may be housed, and (c) 
translate the question vocabulary to mathematical symbols, as well as to language to communicate one's 
mathematical reasoning and thinking (Greenlees, 2011; White & Anderson, 2012). Mathematical vocabulary 
not modelled by the teacher during classroom activities is seldom used by students to communicate their 
understanding, regardless of their existing vocabulary level (Khisty & Chval, 2002; Meaney & Irwin, 2003).  
Methodology 
The participants in this longitudinal project are underperforming junior secondary students (working at 
levels of three to four years below mainstream) attending five low SES state high schools, their teachers and 
other teaching staff. Two cohorts of students are involved: those entering Year 8 in 2013 and those entering 
Year 8 in 2014. Each cohort will participate in the program for two years. Over the course of this project 
each participant’s development of mathematical ability and effective change as a result of the series of 
interventions will be tracked. The iterative nature of the project will enable the refinement and re-application 
of theory upon which interventions are based following each cohort of students.  
This project is designed as mixed method (Burns, 2000), integrating decolonising approaches (Smith, 
1999) with predominantly qualitative and some quantitative methodologies. The qualitative aspect is based 
upon principles of action research (Kemmis & McTaggart, 2000), and uses design experiments (Cobb, 
Yackel, & McLain, 2000; Lesh & Kelly, 2000) to propose, apply and refine the theory-based XLR8 
curriculum and the program of professional learning and support. This approach allows the research to 
respond flexibly to the anticipated cognitive, social, and cultural differences in each school community. The 
quantitative aspect involves regular pre-post-testing of students and accompanying analysis to measure 
growth of mathematical understanding, in particular the acceleration of mathematical ability from lower 
primary to lower secondary levels. The results of testing will be made available to teachers as soon as 
possible so that this data can inform their teaching practice. The research lies within the empowering 
outcomes approach to decolonising research where research is designed to benefit the researched. 
Discussion 
Language of tests: XLR8 students from low SES communities underperforming in mathematics typically 
display literacy levels below those of their mainstream peers. Teachers’ within the XLR8 project stated that 
pre- and post-tests administered with each module of learning activities were “too difficult” for students, 
evidence cited included the need to read or rephrase questions for students to attempt or engage with test 
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items. Teachers also reported students were demonstrating higher levels of mathematical understanding 
during class activities and discussions which started from real-world contexts than on less contextualised 
pen-and-paper tests. In response to teacher requests for simplified language in pre- and post-tests, the 
wording of test items was altered and more scaffolding provided within and between test items. To engage 
teachers with the test creation and editing process, one pre-test was provided to teachers for further critique 
and editing. This edited and revised test was used as a guide for creation of subsequent pre- and post-tests. 
Despite these efforts to alter pre- and post-tests to gather an indication of XLR8 students’ understanding, 
student engagement and performance on these assessment tasks did not improve. However, simplifying the 
language in the tests did provide further insights into the learning, teaching and assessment of junior-
secondary students within the XLR8 project. 
 Students did not perceive value in tests using simplified language that were interpreted as addressing 
primary mathematics concepts. The vertical nature of the XLR8 curriculum ideally starts at students’ level of 
understanding and moves quickly through to mainstream Year 8/9 outcomes. As a result, some student 
learning and assessment is aimed at primary level mathematics in order to identify and bridge gaps in student 
knowledge. Students’ perception of the level of test items impacted on students’ engagement with the tests 
reducing the usefulness of this instrument in indicating their mathematical understanding. Students who 
perceived insult at being asked to complete items that were ‘easy’ or ‘baby’ maths also demonstrated 
reduced motivation to engage meaningfully with pre- and post-tests. Test items perceived as ‘easy’ were 
rushed through without clear attention being given to the questions being asked. Poor performances in these 
instances were more attributable to students not reading the question than not understanding the 
mathematics. Thus, simplifying the language demands of the test was counterproductive as it contributed to 
student perceptions of inappropriate levels of challenge. 
Students’ self-efficacy as learners was not enhanced by the pre- post-testing process. Students noticed the 
simplification of the language but still needed assistance in decoding the test questions. One student asked 
outright, ‘Are we failing? It feels like we’re failing.’ Students in XLR8 classes are aware that they are 
working within a specially designed program that is different from their mainstream peers. They are also able 
to identify activities and concepts that they have previously experienced in their primary schooling. While 
these activities and concepts are necessary stepping stones to higher levels of mathematical reasoning and 
generalisation of arithmetic to algebra, the students do not always perceive this progression along the route to 
understanding and may disengage. Further compounding this disengagement, XLR8 students do not typically 
display the resilience needed to attempt to apply what mathematical knowledge they do have to routine 
problems or decontextualized mathematics exercises. Students will frequently not attempt questions for 
which they don’t have a clear solution process. For these students it appears less shameful to not attempt a 
question than it is to fail to be correct. 
Simplifying the language of the pre-post-tests from junior secondary mathematical language to primary 
level mathematical language did not guarantee student understanding of the requirements of the task. In the 
module of learning activities addressing additive operations with whole numbers, a sequence of questions 
were included within a story context around increases and decreases in temperature. To scaffold this process 
a large picture of a thermometer was provided. Many students used the scale on the thermometer to correctly 
determine the numeric responses to each question and were able to provide correct numeric answers within 
the authentic story context. However, the questions also asked students to create a number sentence for each 
part of the story. Most students wrote only the numeric answer to each question, disregarding the need to 
also provide the abstract symbolic representation of the equation. Those students who did respond with a 
number sentence wrote a well-punctuated sentence with a capital letter and full stop including numerals for 
the relevant quantities in the story. This example demonstrates more fully the literacy levels of the students 
within the XLR8 project. While their literacy levels in terms of reading and vocabulary may be generally 
low, what is clearly missing is the often tacitly received language and specialised meanings of words when 
used in mathematical contexts. For the students to achieve success and build confidence in completing 
mathematical tasks, special attention needs to be given to explicitly deconstructing and teaching the specific 
meanings applied to language used within mathematics. 
Mathematical concepts: Student literacy and language levels further impact on their capacity to interpret 
worded problems and translate these into mathematical equations for solution by mental or technological 
means. Learning experiences within the XLR8 curriculum include specific and explicit exploration of 
problem construction using a focus on the conceptual understanding of equations as comprised of part-part-
total or factor-factor-product. Within these experiences, students are engaged with the task of creating their 
own routine problems from equations or expressions. This task is modelled by the teacher first writing an 
equation on the board and then fitting a story context around the numbers. For example, 3 × 5; a story could 
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be I have 3 plates (factor) with 5 sandwiches on each plate (factor), how many sandwiches altogether 
(product). Students then construct stories connected to their own experiences or realities using given 
numbers. Initially, teachers prompt students to identify a pool of ideas for possible contexts for stories. A 
variety of stories are elicited by changing the number pairs and contexts. Analysis of student stories arising 
from these activities shows that the students use the same sentence structure and word patterns used by the 
teacher in the modelled example. The results of these learning activities are that students’ vocabulary for the 
construction and interpretation of routine worded problems is improved and connected to their own 
experiences, but still limited to the range of sentence structures and vocabulary modelled by the teacher.  
Problem construction activities were found to assist students with the transfer of routine worded problems 
into suitable mathematical equations for addition or multiplication contexts. The construction of suitable 
mathematical equations for subtraction or division contexts, however, continued to be problematic. 
Observations of students’ responses to teacher questioning indicated that the process of transfer from worded 
problems to symbolic equations included students recording the parts and total as: 
Factor =  Factor =  Product = 
These elements were then easily combined into factor × factor = product equations using algebraic symbols 
for the unknown product. For inverse operations, where a factor is the unknown, students were able to 
identify the operation as division, but had difficulty writing a division equation and articulating a solution 
path for the problem. The difficulty arose from a combination of the reversal of the elements from the factor-
factor-product representation of problem elements, and reading or articulating their equation for their teacher 
to demonstrate their understanding. The ambiguous variety of language used with division over time, (e.g., 
divided by and divided into) caused students to second-guess their thinking and their responses as they 
struggled to apply the correct wording to their equation. An observed lesson at this point in students’ 
learning sequence indicated that students were losing motivation and disengaging from learning as a result of 
repeated lack of success with this process. As a solution to students’ tendency towards the inappropriate 
placement of elements of the question into an equation and lack of motivation to engage, it was decided to 
instead capitalise on students’ recent engagement with algebraic manipulation and inverse operations 
(perceived as ‘high school maths’). Encouraging students to write the multiplication equation first with an 
appropriately placed symbol for the unknown, and then manipulating the equation elements to create the 
division equation provided a more consistently successful process for students to follow when writing 
equations from routine word problems. Allowing students to demonstrate their understanding and experience 
success with division by writing the problem as multiplication using algebraic notation boosted students’ 
motivation and engagement, enabling positive learning to continue rather than stagnating as students 
stumbled over unproductive language issues when articulating the process. 
Conclusion 
This paper has discussed some of the literacy and language issues experienced within the XLR8 project in 
terms of student learning, assessment, motivation and engagement. While effective pre-post measures are 
necessary to indicate student gaps in learning and demonstrate improvement in mathematical capacity, 
students’ literacy levels can render the tests invalid as students experience failure from either inability to read 
and interpret or superficial reading of tasks. Simplifying the wording of test questions had the further adverse 
effect of disengaging students due to a perceived lack of challenge within the tests. Similarly, although 
students need to revisit primary concepts to fill gaps in learning, these activities may also prove to reduce 
students’ engagement if literacy levels preclude students’ ability to articulate and demonstrate their thinking. 
As a result of experiences within the first year of the XLR8 project, it is apparent that a balance needs to 
be sought between test items that are worded in a way that students can understand, provide appropriate 
levels of challenge for junior secondary students to engage with meaningfully and a range of real-world 
authentic assessment tasks to complement pen-and-paper tests. Similar challenges are faced with planning 
learning experiences for students that will motivate them to engage with learning, fill gaps in learning and 
extend their understanding to Year 9 mathematics levels. What is most evident is the need to effectively 
improve student vocabulary in the language of mathematics and mathematical assessment throughout the 
XLR8 program so that these students can successfully integrate into mainstream mathematics classes at the 
end of their two years of accelerated learning. 
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